INTRODUCTION
There has been a plethora of research in the past decade evaluating the effects of zilpaterol hydrochlo ride (ZH) on growth performance, carcass character istics, beef color, tenderness, and sensory attributes in feedlot cattle.
Profound physiological changes such as increased ADG, decreased or unchanged DMI, and increased G:F have been reported when feeding ZH (Vasconcelos et al., 2008; Delmore et al., 2010) . Furthermore, heat stress has been well documented to be detrimental to cattle performance and wellbeing (Mader and Kreikemeier, 2006) . It is unlikely that these physi ological changes occur without some change in blood metabolites such as glucose, lactate, plasma urea ni trogen (pUN), and cortisol. Few studies have mea sured the response of blood metabolites to ZH, and the majority of the blood metabolite data available using β-adrenergic agonists were generated in the past when clenbuterol or cimaterol were administered.
Plasma urea nitrogen is associated with the me tabolism of N and has been reported to decrease when ZH was fed to finishing steers (Van Bibber-Krueger et al., 2015) , whereas plasma lactate and glucose were not changed in response to ZH (Van Bibber Krueger et al., 2015) . Presently, no data is available in the literature on the effects of ZH or shade and open pens on blood cortisol as an indicator of stress. Additionally, it is unknown whether blood glucose or aBSTRaCT: The effects of feeding zilpaterol hydro chloride (ZH) and shade were evaluated on blood metabolites in finishing beef steers (n = 480). Cattle were fed 0 or 8.33 mg/kg of diet DM ZH for 21 d with a 3 or 4d withdrawal before harvest and were housed in open or shaded pens. Blood samples were collected the day before ZH was fed and on the day the cattle were shipped to the commercial abattoir. Lactate concentration was not different between cattle fed ZH in open or shaded pens (P = 0.12). Nonetheless, a tendency for a diet × time interaction was detected for lactate concentration (P = 0.09), in which it was greater in cattle fed the control diet in open pens before being fed ZH. Cortisol concentration was less before and after ZH was fed (P = 0.01). Glucose was greater for cattle fed the control diet than cattle fed ZH for 21 d (P = 0.03). Cattle fed in open vs. shaded pens did not differ in glucose concentration (P = 0.12), whereas glucose concentrations were greater before ZH was fed than after (P = 0.02). In contrast, plasma urea nitro gen (PUN) concentration was not different in response to diet (P = 0.24), housing type (P = 0.65), or before vs. after being fed ZH (P = 0.60). Lactate concentra tions were not different across diet or shade treatments before ZH was fed, whereas after ZH, lactate concen trations were greater in control cattle than cattle fed ZH. Additionally, cortisol was less after feeding ZH. Glucose was greater before than after feeding ZH.
lactate change in response to shade and what interac tion they may have with feeding ZH.
Our hypothesis was that PUN and glucose would decrease as a result of increasing protein deposition within the animal, whereas lactate would increase in re sponse to accelerated lipid oxidation. We hypothesized that blood cortisol would be decreased in cattle fed in shaded pens would be better in cattle not fed ZH. Our objectives were to measure the effects of feeding 0 or 8.33 mg/kg of diet DM of ZH in shaded or open pens on blood metabolites of finishing beef cattle.
maTeRIalS aND meTHODS
All animal use protocols were approved by the U.S. Meat Animal Research Center Animal Care and Use Committee.
Four hundred eighty steers (359 ± 3.24 kg initial BW) born between March 11 and June 13, 2013, were used during the study. The steers were from the MARC II (onefourth each Simmental, Gelbvieh, Hereford, and Angus) and MARC III (onefourth each Pinzgauer, Red Poll, Hereford, and Angus) composite breed popula tions. The calves were weaned between September 9 and 26, 2013. After weaning, the steers were treated for any health issues and transitioned to a concentratebased diet. The cattle were implanted with Revalor XS (200 mg tren bolone acetate and 40 mg estradiol 17β; Merck Animal Health, Summit, NJ) on January 28, 2014.
The steers were housed in 16 soilsurfaced pens ap proximately 15.4 by 61 m with 15.1 m of bunk space and a concrete apron extending 4.7 m from the bunk. Throughout the experiment, cattle were allowed ad libi tum access to fresh water with an automatic water unit located in the fence line and shared between 2 adjacent pens. The steers in the open pen treatment were exposed to ambient environmental conditions during the duration of the experiment. The cattle in the shaded pen treatment were provided artificial shade throughout the experiment. The shade structures consisted of poles 10 m tall by 15.4 m long. The poles were placed in the 2 fence lines of each pen and a more detailed description was published by Eigenberg et al. (2013) . The shades were oriented north/ south. They were equipped with four 15.4m lengths of high density polyethylenepoly snow fence and provided an effective 50% shade coverage (Eigenberg et al., 2013) . The shade provided tracked the sun during the day and offered 3 m 2 of shade per animal.
Treatments, Experimental Design, and Routine Management
A randomized complete block design was used with a 2 × 2 factorial arrangement of treatments. Steers were blocked by weaning weight into 2 groups: heavy BW and light BW. The difference in BW between the blocks at the start of the experiment was approximately 53 kg. Within block, steers were stratified by known genotype such as sire line, dam line, hide color, and BW and then randomly assigned to pen. Factors consisted of inclusion of 2 housing types, open or shaded pens, and inclusion of ZH at 8.33 mg/kg of diet DM for 21 d near the end of the finishing period with a 3-to 4-d withdrawal prior to harvest. Therefore, the resulting 4 treatment combina tions consisted of 1) open pens where cattle were not fed ZH, 2) open pens where cattle were fed ZH at 8.33 mg/kg of diet DM for 21 d at the end of the finishing period, 3) shaded pens where cattle were not fed ZH, and 4) shaded pens where cattle were fed ZH at 8.33 mg/kg of diet DM for 21 d at the end of the finishing period.
Treatment diets consisted of 57.35% dryrolled corn, 30% wet distillers' grains with solubles, 8% alfalfa hay, 4.25% supplement, and 0.40% urea. The diets fed to the cattle on the ZH inclusion treatments were identi cal to the diets without ZH, with the inclusion of the ZH supplement as the only difference. Throughout the entire experiment, the order of feeding was kept constant so the cattle were fed within the same 30 min each day. Two separate trucks were used during the 21 d of ZH feeding within each block, to ensure that there was no crosscon tamination between diets with and without ZH. Cattle were fed daily at 0730 h. The wet distillers' grains with solubles used in the experiment was delivered weekly from a single source (Abengoa Bioenergy, York, NE) and stored on a concrete pad. Samples were collected weekly or any time a new load was delivered, and changes in DM were monitored throughout the study. Blood samples were collected 1 d prior to feeding ZH and on the day cattle were shipped to the commer cial abattoir (after a 3 or 4d withdrawal). Blood (9 mL) was collected via jugular venipuncture into tubes con taining EDTA (1.7 μg/mL of blood) and immediately placed on ice. Samples were then centrifuged at 3,000 × g for 25 min at 4°C to obtain plasma. Plasma samples were stored at −20°C. Whole blood glucose and l-lactate were quantified using an immobilized enzyme system (YSI model 2700; YSI Inc., Yellow Springs, OH) within 10 min of blood sample collection. Plasma cortisol was analyzed using a commercial coatedtube RIA kit (MP Biomedicals, Irvine, CA) in duplicate. The intra and in terassay CV for the cortisol analysis was 3.24 and 4.78%, respectively. Plasma urea N was analyzed (Marsh et al., 1965 ) using a Technicon Autoanalyzer (method number 33901; Technicon Industrial Systems, Tarrytown, NY).
Cattle in block 1 were fed ZH beginning on June 19, 2014, and ending on July 10, 2014. Cattle in block 2 were fed ZH beginning on July 18, 2014, and ending on August 8, 2014. On days the blood samples were collected, cattle were removed from pens by horseback as a respective pen group and individually weighed, blood samples were collected, and cattle were held as a group in sort pens and returned to their respective home pens as a group.
Statistical Analyses
All data were analyzed with pen as the experimen tal unit as a randomized complete block design with a 2 × 2 factorial arrangement of treatments using the MIXED procedure (SAS Inst. Inc., Cary, NC). Factors consisted of housing type (shaded or open pens) and the inclusion of ZH at 0 or 8.33 mg/kg DM daily for the last 21 d of the finishing period with a 4-and 3-d withdraw al before harvest. The model included the fixed effects of shade or open pens, 0 or 8.33 mg/kg of ZH, time, and all of the possible interactions. Pen was the subject of the repeated measure and the covariance structure resulting in the smallest Akaike and Schwarz Bayesian criteria was considered the most appropriate for anal ysis. Block (heavy BW or light BW) was included in the model as a random effect. For lactate and cortisol, simpleeffect means are presented (Table 1) before and after ZH feeding. For glucose and PUN, no interactions were detected, and therefore, maineffect means of diet, housing, and time are presented (Table 2 ). All effects were considered significant at a Pvalue of <0.05, with tendencies declared at Pvalues between 0.05 and 0.10.
ReSUlTS
Environmental conditions throughout the ZH feeding period are presented in Table 1 . The temperature range was from 16.5 to 29.4°C and the relative humidity range was 67.4 to 90.9% during the time the cattle were fed ZH.
Lactate concentration was not different between cattle fed ZH in open or shaded pens (Table 2 ; P = 0.10). Nonetheless, a tendency for a diet × time inter action was detected for lactate concentration ( Fig. 1 ; P = 0.09), in which lactate decreased with time but to a greater extent in cattle fed ZH. Glucose tended to be greater for cattle fed the control diet than for cattle fed ZH for 21 d (P = 0.06). Furthermore, cattle fed in open pens did not differ in glucose concentration compared 2 Pooled standard error of maineffect means (n = 4 pens/mean).
3 Diet × time interaction for lactate (P = 0.09; Fig. 1A) . No diet × housing, housing × time, or diet × housing × time interactions were detected (P > 0.48).
4 Diet × time interaction for glucose (P = 0.13; Fig. 1B) . No diet × housing, housing × time, or diet × housing × time interactions were detected (P > 0.59).
5 Diet × housing interaction (P = 0.12). No diet × time, housing × time, or diet × housing × time interactions were detected (P > 0.40).
6 No diet × housing, diet × time, housing × time, or diet × housing × time interactions were detected (P > 0.14).
with cattle fed in shaded pens (P = 0.17). Likewise, glucose concentrations were greater before ZH was fed than after (P = 0.01), especially for cattle fed ZH. Furthermore, cortisol concentration was different be fore and after ZH was fed (P = 0.02), being greater before ZH was fed. The diet × shade interaction (P = 0.12) was not significant for cortisol.
No diet × housing, diet × time, housing × time, or diet × housing × time interactions were detected for concentration of PUN (P > 0.14; Table 2 ), and therefore, only maineffect means are presented. In contrast, PUN concentration (Table 2) was not different in response to diet (P = 0.24) or housing type (P = 0.65). Similarly, PUN concentration was not different in cattle before be ing fed ZH or after (P = 0.60).
DISCUSSION
In a similar experiment, Van BibberKrueger et al. (2015) fed cattle 8.33 mg/kg of ZH for 23 d and blood was collected on d 0, 7, 14, and 21. Van Bibber Krueger et al. (2015) noted that wholeblood and plas ma lactate concentrations were less on d 7, 14, and 21 than on d 0, which is in agreement with the current experiment where in both open and shaded pens, lac tate concentrations were greater in control vs. ZHfed cattle. In contrast, Eisemann et al. (1988) reported that lactate concentrations increased in conjunction with clenbuterol, and Byrem et al. (1998) reported a similar result in that infusion of cimaterol increased lactate concentrations. Mersmann (2002) suggested that variable responses are expected when using different β-adrenergic agonists because absorption rate, organ metabolism, and the rate of excretion are variable.
The lack of differences observed in cattle fed in shaded vs. open pens for blood cortisol was unexpect ed. It was expected that when cattle were exposed to environmental conditions (open pens), cortisol would be greater as a stress response. Plasma cortisol con centrations have been reported to increase in response to acute heat exposure (Abilay et al., 1975) and in creased adrenocortical secretion. The reason for the lack of difference in blood cortisol in shade vs. open pens can be attributed to the mild summer conditions that persisted throughout the duration of this study masking any physiological benefit of shade. It is also possible that cattle acclimated to housing conditions and did not have altered cortisol concentrations.
Blood lactate is a product of anaerobic metabolism of pyruvate derived from glucose. Because cattle fed ZH had lower lactate concentrations after ZH feeding compared with controlfed cattle in addition to lower glucose concentrations indicates that ZH may reduce the quality of glucose catabolized. This conclusion is in agreement with Eisemann et al. (1988) , who concluded that β-agonists altered the major metabolic fuel of pe ripheral tissues from glucose to fatty acids. In addition to lactate's usefulness as a metabolic indicator, lactate concentrations in blood also spike in response to acute stressors, similarly to cortisol, and can be useful in eval uating the acute stress response (Mitchell et al., 1988) . Combining the effect of ZH on cortisol and lactate con centrations, it appears that ZHfed cattle did not have an increased response to the acute stress of handling and blood sample collection compared with control cattle.
In a previous experiment, a ZH × time interaction was detected for wholeblood glucose, where glucose decreased over time in cattle fed ZH but glucose con centrations in control cattle were not different across sampling days (Van BibberKrueger et al., 2015) . In the current experiment, there was not a ZH × time interac tion for wholeblood glucose, but it was less for cattle fed ZH for 21 d and less after vs. before feeding ZH. Decreases in glucose concentrations over the finishing phase of feedlot cattle has been previously reported (Foote et al., 2015) and is likely due to metabolic chang es as cattle increase body fatness and alter composition of growth. Numerous studies have evaluated the use of other β-agonists such as clenbuterol and cimaterol in sheep and cattle. Eisemann et al. (1988) fed steers clenbuterol for 9 d and collected blood samples on d 1 and 9 and reported an initial increase in arterial glucose concentration. The increase was temporary as after 9 d of clenbuterol feeding, glucose concentrations were not different (Eisemann et al., 1988) . It was hypothe sized by the authors that the initial spike in glucose was caused by elevated liver gluconeogensis or glycoge nolysis (Eisemann et al., 1988) , but then cells become desensitized and the glucose response disappears (Van BibberKrueger et al., 2015) . These results using clen buterol are in contrast to the present experiment where wholeblood glucose was decreased by feeding ZH and it was less after vs. before feeding ZH. However, the current data are similar to other data from an experi ment using ZH (Van BibberKrueger et al., 2015) .
The lack of difference in PUN with β-agonist is inconsistent with other studies in the literature. Van BibberKrueger et al. (2015) reported that ZH supple mentation caused PUN to decrease and was likely be cause of decreased protein catabolism in skeletal mus cle. Ricks et al. (1984) reported that blood urea nitrogen decreased with clenbuterol administration in steers, and Eisemann et al. (1988) noted decreased PUN concen trations after clenbuterol feeding. The decreased PUN concentrations are indicative of decreased catabolism of AA and increased N retention, assuming that N in take is constant. The increase in N retention has been well characterized with increased carcass weight that is observed when ZH is fed (Vasconcelos et al., 2008; Delmore et al., 2010; Hales et al., 2014) .
From these data we interpret that metabolic pro files change in response to feeding ZH. Cattle fed ZH are less glucose dependent and likely more dependent on fatty acid catabolism. The lack of differences in cortisol and lactate concentrations indicate that there was not an acute stress response associated with cattle fed control or ZH diets in shade or open pens.
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